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LOOPED HIGH STRENGTH SUTURE CHAIN
FOR KNOTLESS FIXATION

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/666,518, filed on Mar. 30, 2005, the
entire disclosure of which 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to surgical fixation and, more
particularly, to knotless tissue fixation using a chain-like
serial suture loop construct.

2. Description of the Related Art

Securing suture during surgery can be difficult and
demanding. Various suture constructs have been developed in
an effort to avoid the need to tie knots 1n suture, particularly
during arthroscopic surgery. For example, U.S. Pat. No.
6,143,017 to Thal discloses tissue fixation using a free-stand-
ing continuous suture loop snagged by an anchoring device.
While 1t appears that tissue can be bound to bone according to
the Thal teachings, 1t 1s not evident how to accomplish 1n situ
surgical refinements such as adjustment of the loop length or
tension on the repaired tissue. Technology for knotless tissue
fixation would benefit from further development.

SUMMARY OF THE INVENTION

The present invention provides apparatus and methods for
knotless tissue fixation using serial suture loop constructs.
The construct preferable includes at least two loops formed of
high strength suture. The suture loop constructs allow for
surgical fixation of tissue without the need to tie knots. The
loops are captured with anchoring implants. Tension on the
fixation can be refined 1n situ by selecting which loops to
capture.

The present invention also provides a method of forming a
chain of suture loops for surgical application. The chain of
suture loops can be formed 1n the normal fashion, 1.e., as a
series of interlinked, non-intersecting loops. Alternatively,
the chain can be formed of a series of intersecting loops, with
at least one of the loops or “links”™ of the chain formed by {first
“prercing’ or “lacing” an end of the suture through a standing
part of the suture, to form an 1nitial suture “intersection” 1n a
first direction, for example in the x-y direction. The suture
intersection 1s then locked by lacing the end through the
suture 1mntersection 1n a second direction, for example 1n the z
direction, piercing both strands at the center of the initial
junction, and pulling the strands tight. Successive loops or
links may be developed along the length of suture 1n similar
fashion to form a suture chain.

The present invention also provides a method for knotless
fixation of anatomical tissue during surgical applications by
employing a chain of suture loops. The method comprises the
steps of: (1) providing a construct that includes at least two
loops formed of and connected by suture; and (1) surgically
fixating the anatomical tissue using the suture loop construct
without tying knots.

The present invention further provides a method of ten-
sioning suture used for knotless fixation of anatomical tissue
during surgical applications. The method includes the steps
of: (1) providing a suture chain that includes at least two loops
formed of high strength suture; (11) securing an end of the
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suture chain to a fixation device; and (111) pulling on the other
end of the suture chain to tension the suture chain.

Other features and advantages of the present invention will
become apparent from the following description of exem-
plary embodiments of the imvention with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1illustrates an initial stage of chained suture loop
formation according to the present invention;

FI1G. 2 illustrates locking a suture loop and initial formation
of an adjacent loop on the chain according to the present
invention;

FIG. 3 1illustrates formation of the adjacent loop of the
chained suture loops according to the present invention;

FIG. 4 illustrates a completed suture loop chain according
to the present invention;

FIG. 5 provides an enlarged depiction of suture loop for-
mation according to an exemplary embodiment of the present
invention;

FIG. SA shown a suture chain of the present invention 1s a

conventional configuration of a series of interconnected
loops.

FIG. 6 1llustrates a press-in suture chain anchor according
to the present invention;

FIG. 7 illustrates an alternative suture chain anchor of the
present invention;

FIG. 8 illustrates a third alternative suture chain anchor
according to the present invention;

FIG. 9 depicts an 1mitial step in shoulder repair using a
double-row technique according to the present invention;

FIG. 10 depicts a step of securing the suture chain to the
bone anchor according to the present invention;

FIG. 11 depicts a step of tightening the suture chain onto
the bone anchor according to the present invention;

FIG. 12 depicts a step of passing the suture chain through
a tendon to be reattached to bone according to the present
imnvention;

FIG. 13 depicts a step of ligament fixation by installing a
suture chain anchor according to the present invention;

FIG. 14 depicts a completed ligament repair using a suture
chain according to the present invention;

FIG. 15 illustrates a shared-load fixation using a suture
chain according to the present invention;

FIG. 16 illustrates an unacceptably loose tissue approxi-
mation using a suture chain construct of the present invention;

FIG. 17 illustrates a method of tightening the loose suture
chain approximation according to the present invention;

FIG. 18 1llustrates a seli-tightening suture chain configu-
ration featuring an auxiliary disk anchoring device according
to the present invention;

FIG. 19 illustrates a swivel suture loop anchor according to
the present invention;

FI1G. 20 illustrates a step 1n shoulder repair according to the
present invention;

FIG. 21 1s an exploded view of a two-part driver for the
swivel suture chain anchor shown 1n FIG. 18;

FIG. 22 illustrates a further step in shoulder repair accord-
ing to the present mnvention;

FI1G. 23 illustrates a step 1n shoulder repair according to the
present invention; and

FIG. 24 1llustrates a completed shoulder repair according,
to the present mvention.
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FIGS. 25A to 25G illustrate a method of knotless side-to-
side suturing of U-shaped soft tissue defects using the suture
chain of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides apparatus and methods for
knotless tissue fixation using serial suture loop constructs.
The construct preferable includes at least two loops of suture,
preferably high strength suture. The suture loop constructs
allow for surgical fixation of tissue without the need to tie
knots. The loops are captured with anchoring implants or
similar devices.

The invention also provides a method of forming a chain of
suture loops, preferably of braided high strength suture loops,
for surgical applications. As described 1n more detail below,
the suture chain can comprise a series ol closed loops of
suture formed 1n a conventional “chain.” Alternatively, at
least one of the loops or “links™ of the chain can be formed
first by “piercing” or “lacing” an end of the suture through a
standing part of the suture, to form an 1mitial suture “intersec-
tion” 1n a first direction (for example, 1n the x-y direction).
The suture intersection 1s then locked by lacing the end
through the suture intersection in a second direction (for
example, in the z direction), piercing both strands at the center
of the 1nitial junction, and pulling the strands tight. Succes-
stve loops or links may be developed along the length of
suture 1n similar fashion to form a suture chain.

Suture loop constructs according to the present invention
are referred to as “chains” in this application. The term
“chain” 1s used 1n the specification and claims to refer to
exemplary embodiments of the invention. A “chain” 1n this
context refers broadly to a construct including a series of
loops. The loops can be, but need not be, interlinked. In this
manner, the term “chain™ as used 1n this application includes,
but need not be limited to, the commonly understood defini-
tion in which links or rings are fitted into one another. Rather,
the chains of the present invention can include two or more
loops that are connected together.

Each loop preferably has a fixed perimeter. The suture can
be interlaced, rather than knotted, as described further below,
to establish and maintain loop geometry. Preferably, all loops
are similar in size.

In an exemplary embodiment, high-strength suture 1s uti-
lized, such as the high strength suture sold by Arthrex, Inc. of
Naples, Fla. under the tradename FiberWire, which 1s dis-
closed and claimed 1n U.S. Pat. No. 6,716,234, the entire
disclosure of which 1s incorporated herein by reference.

FiberWire suture 1s formed of an advanced, high-strength
fiber material, namely ultrahigh molecular weight polyethyl-
ene (UHMWPE), sold under the tradenames Spectra (Hon-
eywell) and Dyneema (DSM), braided with at least one other
fiber, natural or synthetic, to form lengths of suture material.
The preferred FiberWire suture includes a core within a hol-
low braided construct, the core being a twisted yarn of UHM-
WPE. The suture may optionally include filaments of various
colors.

Suture chains of the present invention incorporating
advanced, high strength materials, such as FiberWire suture,
can be used in demanding orthopedic applications such as
shoulder repairs. The suture chains of the present invention
offer surgeons practical means for creating suture constructs
ol adjustable size without having to tie a knot 1n situ.

Referring now to the drawings, where like elements are
designated by like reference numerals, FIG. 1 illustrates a
length of suture 2 at an 1n1tial stage of suture chain formation
according to one embodiment of the present invention. A first
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suture loop 4 1s formed by lacing suture 2 through 1itself at
least once, preferably at least twice. Using a 0.029" or smaller
needle, for example, loop 4 1s started by lacing a bitter end 6
ol the suture 2 between filaments of a standing part 8 of suture
2 to establish a junction 10. Thus, junction 10 1s formed
initially as a four-way intersection of suture 2 laced through
itsellf.

Junction 10 1s suflicient to establish a suture loop, and the
present mvention includes looped constructs formed 1n the
above manner. It1s preferable, however, to “lock™ the junction
10 to establish a fixed size. The junction 10 can be locked 1n
various ways, mcluding wrapping junction 10 with suture,

tying a knot around junction 10, or by applying adhesive to
junction 10.

In an exemplary embodiment of the present invention,
munction 10 1s locked by lacing the suture through 1tself again,
as follows: Referring to FIGS. 2 and 3, bitter end 6 again 1s
laced (using a needle, not shown) through the previously-
interlaced standing parts 8, 11 of suture 2 at junction 10. As a
result, a six-way intersecting junction 13 of suture 2 1s
formed. Locking of the twice-interlaced junction 13 1s com-
pleted by pulling suture 2 tight, as shown i FIG. 3. FIG. 5 15
an enlarged view of junction 13 prior to tightening.

FIG. 3 also shows initial development of a second suture
loop 14 formed by lacing bitter end 6 through standing part 8
of suture 2 to form a two-way junction 16 similar to junction
10. The junction 16 1s locked as described above for the first
loop 4. The second loop 14 preferably 1s the same size as the
first loop 4.

Referring to FIG. 4, the steps described above are repeated
to produce additional loops 18, 20. Thus, a chain of suture
loops 22 1s formed with four loops 4, 12, 18, 20. Suture loop
chain 22 can have fewer or more than the four loops shown 1n
FIG. 4. Although shorter chains, having two or three loops,
often are preferred for working arthroscopically, the appro-
priate length will be determined as required by the intended
application.

Alternative methods of forming a chain of suture loops
without tying knots 1s described as follows: The junction 10 1s
tformed by crossing suture 2 over or under the standing part 8.
The bitter end 6 1s then passed through the two overlapping
portions of suture to secure the loop. The resulting junction 1s
less stable than the twice interlaced junction 13 achieved by
the method first described above, however. As a further alter-
native, various knots known to those of skill in the art could be
used alone, or could be combined with nterlacing as
described above, to form any or all of the loops. Fixed loops
are preferred, although an adjustable loop construct could be
provided within the bounds of the teachings of the present
invention. Twice-interlaced junctions, such as those first
described above in connection with junction 13, are most
preferred. These junctions maintain the loop geometry well,
present a smoother outer surface, and may mvolve less suture
weakening than do knots.

Alternatively, as shown 1n FIG. 5A, the suture chain of the
present invention can simply comprise a series ol 1ntercon-
nected suture loops, 1n the more conventional “chain™ con-
figuration.

The suture chains of the present invention can be used in a
variety of surgical procedures, and most preferably are used
to approximate tissue, for example, to approximate torn ten-
dons to bone. FIGS. 6-8 illustrate examples of bone anchors
used to secure one or more suture chains to bone in accor-
dance with the present invention. In FIG. 6, a forked suture
anchor 30 has a threaded body 32. A loop of the suture chain
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22 1s hooked between tines of forked tip 34. The anchor 30 1s
installed into bone using a hex driver recerved 1n hex socket
36, for example.

FI1G. 7 illustrates a notched suture chain anchor 40 having,
a threaded body 42, a tip 44 notched on one side, and a hex
socket 46. A loop of suture chain 22 1s shown captured 1n the
side notch. Although an end loop 1s shown here as the one
being captured, the ivention i1s not so limited. FIG. 8 1llus-
trates a shouldered suture chain anchor 50 having a threaded
body 52, a shouldered tip 54, and a hex socket 56. Alterna-
tively, each of the anchors 30, 40, 50 can be provided with a
tip 34, 44, 54 that 1s rotatably attached to 1ts respective body
32, 42, 52, as described further below. Other types of bone
anchors can also be used, without limitation. Although
threaded anchors are shown, swivel anchors (described
below) or press-1n anchors such as the Arthrex Push-Lock™
anchor described in U.S. Patent Application Publication No.
2004/0093031, the disclosure of which i1s incorporated by
reference herein, can be used as well. Also, rather than cap-
turing a loop with the anchor, the chain of loops can be
threaded through the eye of a needle or bone anchor, for
example. The use of a bone anchor also 1s not necessary to
utilizing suture chains of the present invention.

Method steps of tissue fixation according to an exemplary
embodiment of the present invention are depicted schemati-
cally in FIGS. 9-14. Referring imitially to FIG. 9, a suture
anchor 60 (for example, an Arthrex Biocorkscrew™, dis-
closed mm U.S. Patent Application Publication No. 2004/
0106950) having an eyelet 62 and loaded with a single or
double strands of suture chain 63 1s installed 1n bone 64. As
shown 1n FIG. 10, with the suture chain 63 threaded through
eyelet 62 of suture anchor 60, one end of suture chain 63 1s
passed through a loop, such as the lastloop 66, of suture chain
63. Referring to FIG. 11, suture chain 63 1s tightened so that
link 66 1s drawn adjacent eye 62 of anchor 60, and a single
suture chain leg 63 extends from eyelet 62 of anchor 60.

Referring next to FIG. 12, once the suture anchor has been
inserted, suture chain 63 1s passed through tendon 68. As
shown 1n FI1G. 13, tissue 68 15 approximated to bone 64 using
a second suture anchor 70. In an exemplary embodiment,
second suture anchor 70 1s 1nstalled using a driver 72 1nto a
preformed opening in bone 64, with a selected loop of suture
chain 63 having been captured (on the prong of the anchor) to
provide the desired tension on the finished construct, shown
in FIG. 14. Assorted bone anchors 60, 70 could be substituted
for suture chain anchors 60, 70. The suture anchor may be an
Arthrex Swivel-Lock™ (swivel suture anchor) described
below, or an Arthrex Push-Lock™ anchor. Alternatively, the
suture chain passed through the tissue can be secured using a
single anchor. In addition, various anchors, such as those
noted above and others, may be used interchangeably with
only slight variations in the above procedure. For example,
the suture chain can be secured by capturing two of the chain
loops 1n forked tines prior to insertion of the anchor or
anchors.

Further, regular suture may be used 1n addition to the suture
chains of the present invention. In this case, the first suture
anchor 60 will be pre-loaded with regular suture (like the
current Arthrex BioCorkscrew™ or Arthrex BioCorkscrew-
FT™, disclosed 1n U.S. Ser. No. 11/224,060). In this exem-
plary embodiment, the techmique 1s similar to the one
described above, except that the lateral fixation 1s accom-
plished by capturing the suture limbs (rather than chain-links)
in the fork of the Swivel-Lock and tensioning the suture as the
Swivel-Lock 1s placed. This relies on interference fixation of
the suture between the anchor and the bone.
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Greater fixation may be achieved by twisting the suture
limbs before 1nserting the anchor. For the suture chain of the
present invention, tension 1s adjusted simply by choosing to
capture a different link. That 1s, a link 1s chosen and pushed to
the bottom of the bone socket by the driver. If the soit tissue
1s not firmly held against bone, the inserter 1s withdrawn and
a more proximal link 1s chosen. This gives great freedom to
adjust the tension 1n the system.

Suture chains disclosed herein also can be used to increase
the footprint of a repair and to share repair loading. Referring
to FIG. 15, suture chain(s) 80, 82 are depicted 1n a construct
fixing a section of tissue 84 to underlying bone (not shown).
Using two lengths of suture chain (the second length 82 could
be separately formed, or an extension of suture chain 80)
provides load sharing and increases the construct footprint.
Suture chains 80, 82 can be secured to bone by lacing the
suture chains 80, 82 through tissue 84 at points 85, 86, 87, 88
in various patterns using four or fewer bone anchors.

Referring to FI1G. 16, two suture chains 90, 92 are attached
through tissue 94 to underlying bone (not shown) 1n a tissue-
approximating construct. Suture chains 90, 92 have unaccept-
able laxity. Referring to FI1G. 17, a length of suture chain 96 1s
looped around suture chains 90, 92, or through individual
loops of suture chains 90, 92 to tighten the construct.

Other options for utilizing the suture chains of the present
invention will become apparent to those of ordinary skill 1n
the art. Referring to FIG. 18, for example, a seli-tightening,
configuration i which suture chain 98 has been looped
around 1tself 1s 1llustrated. Referring to FI1G. 19, surface con-
tact area of a suture chain construct can be expanded by
threading a suture chain through a biocompatible disk 100.
Single or multiple holes can be formed through disk 100 for
accepting lengths of suture chain. The disk can be oblong to
allow 1nsertion through a narrow connection. This invention
1s not limited to a disk, per se. The mvention 1includes other
configurations such as rods or rectangles that will perform a
similar function.

Referring to FIGS. 20 and 21, another exemplary embodi-
ment of the invention will be described 1n which a suture
anchor 102 for securing a suture chain to bone features a

swivel connection between a threaded body 104 and a detach-
able forked tip 106 (Swivel-Lock™ or swivel anchor). The

rotatable attachment of forked tip 106 to threaded body 104
enables rotational insertion of anchor 102 without excessive
twisting and knotting of a suture chain hooked by forked tip
106. T1p 106 also may be detachable from body 104 to allow
greater tlexibility during surgical procedures, as described
further below.

Referring more specifically to FI1G. 21, a driver 110 1s used
to install anchor 102. Driver 110 features a thin rod 112
passing slidably and rotatably through a cannulated driver
assembly 114. The tip 116 of thin rod 112 1s threaded inter-
nally to accept external threads 118 formed on forked tip 106.
Other means of engagement between rod 112 and tip 106 can
be utilized, such as a snap fit. Thin rod 112 maintains the
rotational position of the tip 116 during insertion. Driver
assembly 114 features a handle 120 at one end and an opera-
tive end 122 configured to engage anchor body 104.

Referring 1n addition to FIGS. 22-24, during installation of
swivel anchor 102, anchor body 104 1s assembled onto opera-
tional end 122 of the driver 110. Anchor tip 106 1s threaded or
otherwise attached onto the tip of thin rod 112. The forked
anchor tip 106 1s used to capture a suture chain 22 for instal-
lation 1nto a pre-drilled hole 1n bone. Suture chain 22 has been
laced through a shoulder ligament as shown in FIG. 22.
Advantageously, the forked tip 106 can be inserted and

retrieved from the pre-drilled hole 112 (FIG. 23) prior to
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installation of anchor body 104. Thus, adjustments to the
tension on the suture chain can be made as necessary by
changing the loop of the chain 22 captured by the forked
anchor tip 106.

Once an appropriate construct 1s determined, the forked tip
106 and captured suture chain are held in place in the pre-
drilled hole 1n bone by rotational insertion of threaded anchor
body 104 as shown 1n FIG. 24. Forked tip 106 preferably 1s
configured to engage with threaded anchor body 104 such
that the two fit together 1n axial alignment. Alternatively, the
tip 106 and the body 104 can be configured to experience a
snap 1it when the two pieces of suture chain anchor 102
engage during installation. As explained above, the swivel
suture anchor 102 may be employed as one of the two suture
anchors 60, 70 1n the method of knotless fixation described
with reference to FIGS. 9-14.

The suture chain of the present invention can also be used
for knotless side-to-side suturing of U-shaped soit tissue
defects (e.g., rotator cull tears). Referring to FIG. 25A, the
suture chain 22 of the present mvention 1s passed through a
U-shaped rotator cuil tear, near the apex of the tear, using a
suture passing instrument such as the Scorpion sold by
Arthrex, Inc. of Naples, Fla. As shown in FIG. 25B, outside of
the cannula 126, the tail of the suture chain 22 1s passed
through the terminal link 1n the chain to fix the suture chain 22
to the apex of the tear. As shown 1n FIG. 25C, the tail of the
suture chain 22 1s then re-loaded into the Scorpion to pass
through the opposite leat of the U-shaped tear. Referring to
FIG. 25D, the tail of suture chain 22 is passed through the
rotator cull, and the tail 1s then pulled to tighten suture chain
22 and pull the two leaves of the tear together. As shown 1n
FIG. 25E, the above-described suture passage 1s repeated
back and forth through the leaves of the rotator cuil

.As shown
in FIG. 25F, suture chain 22 1s tensioned and secured to bone
using an anchor, such as the swivel anchor described above, to
complete the repair, as shown in FIG. 25G.

The above-described repair procedure, which can be per-
formed with the suture chain of the present invention or
regular suture strands, advantageously provides a knotless
technique for margin convergence.

As described above, the suture chain of the present inven-
tion has application 1n surgical tissue repair, for example, in
conjunction with one or more bone anchors. Tension onrepair
constructs 1s adjustable through selection of the chain link or
links to be snagged by a bone anchor.

Other configurations included branched chains of two,
three, or more individual chains radiating from a single inter-
secting link or several links. Each section of chain can be of
uniform length with the others, or the chain sections can be a
variety of lengths. Further configurations include strands or
panels of two or more interlinked parallel chains forming a
suturing device resembling chain mail. Multiple-ended
suture chain configurations also are considered to be within
the scope of the invention, without limitation.
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Although the present invention has been described 1n rela-
tion to particular embodiments thereof, many other variations
and modifications and other uses will become apparent to
those skilled 1n the art. It 1s preferred, therefore, that the
present mvention be limited not by the specific disclosure
herein, but only by the appended claims.

What 1s claimed 1s:
1. A method of conducting arthroscopic surgery, compris-
ing the steps of:

providing a suture chain comprising a plurality of suture
loops, at least one of the plurality of suture loops having,
a perimeter which 1s approximately equal to that of
another of the plurality of suture loops, the suture chain
being formed of a series of successive serial loops,
wherein each of the plurality of suture loops 1s formed by
lacing an end of the suture through itself a first time,
thereby forming the loop and a junction, and then by
lacing the end of the suture through 1itself a second time
at the junction thereby creating an interlaced junction;

securing one end of the suture chain to anchoring tissue
with a first fixation device:

capturing repair tissue with the suture chain; and

approximating the captured repair tissue to the anchoring

tissue by securing the other end of the suture chain to the
anchoring tissue with a second fixation device.

2. The method of claim 1, wherein the suture chain 1s
secured to the anchoring tissue with an anchoring device.

3. The method of claim 1, wherein the step of securing the
one end of the suture chain to anchoring tissue comprises
attaching the one end of the suture to a first anchor.

4. The method of claim 3, wherein the step of securing the
other end of the suture chain further comprises attaching the
other end of the suture to a second anchor.

5. The method of claim 1, wherein the repair tissue 1s a
rotator cufl ligament.

6. A method of positioning tissue within a body, compris-
ing the steps of:

providing a suture chain formed of single suture compris-

ing ultrahigh molecular weight polyethylene and com-
prising a plurality of suture loops, at least one of the
plurality of suture loops having a perimeter which 1s
approximately equal to that of another of the plurality of
suture loops, the suture chain being formed of a series of
successive serial loops with twice interlaced junctions
between loops;

positioning the suture chain in the vicinity of tissue to be

treated; and

securing the suture chain with a fixation device in the

vicinity of the tissue.

7. The method of claim 6, wherein the fixation device 1s a
swivel anchor.
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